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Abstract 
Nowadays, biopolymers have become more popular that is resulted from the growing concern on environmental issue 
and their enormous advantages. However, the application was limited by its thermal properties. Nanocomposite is 
one approach to increase the usability of biodegradable polymers. It is interesting to use this method for improvement 
the thermal stability of polymer. Therefore, this work focused on the nanocomposites of biodegradable polyester. The 
nanocomposites of PLA, PBS and PHBV with hydrophilic fumed silica have been prepared by twin screw extrusion. 
The dispersion of silica particles in the polymer matrix was investigated by SEM technique. Thermal properties of 
samples were analyzed by TGA and HDT testing. The mechanical properties were also tested for tensile and impact 
testing. The results showed that the presence of silica nanoparticles increased the onset and inflection temperature of 
thermal degradation in PLA, PBS as well as PHBV nanocomposites. It showed the great improvement for PHBV 
nanocomposite. Similar to the HDT results, it was greatly improved from 140.0 ºC for neat PHBV to 145.7 ºC for 
PHBV/silica 5wt% nanocomposites. The mechanical performances of nanocomposites depended on the content and 
the dispersion of silica particles in the polymer matrix. At low silica content, the mechanical properties were slightly 
increased whereas the mechanical properties were worsen at the higher silica loading because of the agglomerate of 
silica in the polymer matrix. 
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1. Introduction 
In recent years, the worldwide consumption of biodegradable polymers has increased due to their 
potential applications in the field of environmental benign plastic products. More importantly, the push 
towards the bio-based economy and greener society is the major concern for the sustainable resources. 
The targeted markets for biodegradable polymers include packaging materials (trash bags, wrappings, 
loose-fill foam, food containers, film wrapping, laminated paper), disposable non woven (engineered 
fabrics) and hygiene products (diaper back sheets, cotton swabs), consumer goods (fast-food tableware, 
containers, egg cartons, razor handles, toys), and agricultural tools (mulch films, planters). A variety of 
biodegradable polymer materials have been prepared and quite a lot of them have already been 
industrialized. According to their different origins, biodegradable polymers are classified into three major 
categories: (1) synthetic polymers, particularly aliphatic polyester, such as poly(lactic acid) (PLA), 
poly( -caprolactone) (PCL) poly (butylenes succinate) (PBS), and poly(ethylene succinate); (2) polyesters 
produced by microorganisms, which basically indicates different types of poly(hydroxyalkanoate)s, 
including poly( -hydroxybutyrate) (PHB) and poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) 
and (3) polymers originating from natural resources, including starch, cellulose, chitin, chitosan, lignin, 
and proteins [1]. Despite numerous advantages, some properties have limited their use as final products. 
The poor heat stability and the degradation at elevated temperatures can lead to the random chain scission 
reaction. Generally, thermal degradation of polymers is dependent on time, temperature, polymer 
structure, molecular weight, shear force, etc. The thermal stability of biodegradable polymers is a key 
factor in determining the processing feasibility of biodegradable polymers in industry. The reason for the 
thermal degradation of aliphatic polyesters arises from their chemical origin. Such polyesters are 
synthesized through the esterification reaction. The reaction is reversible and can be accelerated by heat, 
during processing. There are generally many ways to improve thermal properties of polymers. One of 
these includes the nanocomposite approach. Nanotechnology has been successfully used to produce 
biodegradable polymer materials with high performance [2-4] and its advantages of nano-over micro 
scale of filler in polymer composites were reported by Sumita et al. [5]. In general, it is believed that the 
mechanical and thermal properties improvement in nanocomposites come from the reactive end groups of 
polymer which can interact with nanoparticles surface thus create much more surface area for polymer/ 
filler interaction. Nanosilica is the inorganic material which is interested because of its high specific 
component of surface energy, therefore they display enhanced both mechanical and thermal properties of 
polymer. Amorphous nanosilica has been known that it was used as nucleating agent in thermoplastics at 
the very low loading [6-8]. 
      Therefore, this work focused on the study of thermal properties of biodegradable polyester through 
the nanocomposites approach. PLA, PHBV and PBS /silica nanocomposites were prepared in the twin 
screw extruder.  Moreover, all nanocomposite samples were also examined for thermal and mechanical 
properties compared with its neat polymer. 
2. Experimental 
2.1. Materials 
The Poly(lactic acid) (PLA) (2003D NatureWork®), poly(3-hydroxybutyrate-co-3-hydroxyvalerate) 
(PHBV) EnMAT Y1000P, Tian An) and poly(butylenes succinate) (PBS) (GS Pla, FZ91PD) were used in 
this work. Silica Aerosil  200 was obtained from EVONIK. It is the hydrophilic fumed silica with silica 
con 2/g and the average particle size is 12 nm 
[9]. 
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2.2. Biodegradable polyester/silica nanocomposite preparation 
PLA, PHBV and PBS pellets were first dried in the oven at 50ºC for 24 hr before further use. 
Polymers were premixed with silica at content from 0.1 to 5.0 wt% for polymer based. Then, they were 
introduced to twin screw extruder (SHJ-25, China) with the profile temperature at mixing zone was 150, 
170 and 175 0C for PBS, PLA and PHBV, respectively. The screw speed was set at 60 rpm. The extrudate 
were cut, dried at 50ºC for 12 hr and kept in zip-lock plastic bags to prevent from moisture. 
 
2.3. Characterization and testing 
The dispersion of silica particles in the polymer matrix was investigated by SEM technique with the 
back scattered mode. The samples were cooled in the liquid nitrogen and then fractured. They were gold-
coated and studied under a working voltage of 15 kV with CamScan, MX 2000 scanning electron 
microscope.  
The thermal properties of nanocomposites samples and its neat polymer were characterized with 
TGA (TGA/DSC1, STARe System, METTLER TOLEDO). The scan was performed from 50 ºC to 600 
ºC with a heating rate of 10 ºC/min under nitrogen atmosphere. 
Moreover, the nanocomposites and its neat polymer were tested the heat deflection temperature 
(HDT) according to ASTM D648. A test specimen is loaded in 3-point bending in the edgewise direction. 
The stresses used for testing was 0.455 MPa. The temperature is increased at 2°C/min until the specimen 
deflects 0.25 mm. Tensile properties was tested according to ASTM D638 (Instron 5969, Instron) and 
impact testing was performed in accordance with ASTM D256 (Zwick B5102.202, Izod type) 
HDT, tensile and impact specimen were prepared by compression molding (Labtech, LP-S-50, 
Labtech Engineering Co., Ltd.) at 150 ºC, 170 ºC and 190 ºC for PBS, PLA and PHBV samples, 
respectively. 
 
3. Results and discussion 
3.1. The dispersion of silica in the polymer matrix 
SEM micrographs of neat polymer and polymer nanocomposites were showed in the fig.1. From the 
SEM micrographs, it can be seen that by the addition of silica at low contents between 0.1-0.5 wt%, the 
dispersion of silica nanoparticles (the bright spots) through the polymer matrix was good but above that 
contents, the silica particles tended to agglomerate and formed larger particles as showed in the fig. 1 (d)-
(f) and the diameter of large particles was in range 10-20 m at 5.0 wt% of silica content (fig.(f)). This 
result was similar to the PHBV and PBS samples (data not showed). Because of the interaction between 
the polar groups on surface of silica, silica has a tendency to agglomerate between itself [10]. 
 
3.2. Thermal properties 
The thermal gravimetric curves of nanocomposites and its neat polymer were showed in Fig 2. and 
the onset and the inflection temperature of all samples were summarized in the table 1.  
       From the TGA thermograms of biopolymer/silica nanocomposites, it was observed that both of onset 
temperature and inflection temperature of almost nanocomposite samples slightly increased when 
compared to its neat polymer. For example, the onset temperature and inflection temperature of  neat PLA 
increase from 345.36 ºC and 364.44 ºC to 350.50 ºC and 367.00 ºC respectively for PLA/SiO2 5.0 wt%. 
Similarly, the addition of nanosilica could improve thermal properties of PHBV and PBS.  
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Fig.1. SEM micrographs of PLA/silica nanocomposites at various content of silica, (a) 0.1 wt%, (b) 0.2 wt%,  
(c) 0.5wt%, (d) 1.0 wt%, (e) 2.5 wt% and (f) 5.0 wt%. 
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Fig.2 TGA thermograms of (a) PBS nanocomposites, (b) PLA nanocomposites and  
(c) PHBV nanocomposites with different silica content. 
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The onset temperature and inflection temperature of PHBV nanocomposites were greatly increased at 
content of silica 5.0 wt%. Its onset temperature increased from 273.29 ºC to 289.11 ºC and inflection 
temperature arisen from 281.75 ºC to 296.09 ºC. In case of PBS, the thermal properties of PBS 
nanocomposites were greatly improved at 1.0 wt% silica loading and became comparable value after that. 
From the thermal gravimetric curves, it can be seen that the degradation of polymer/silica nanocomposites 
started at the higher temperature compared to neat polymer. Due to the very high surface area of the 
nanoparticle, the interfacial area between particle and polymer matrix is increased. The applied thermal 
can be transferred from polymer onto the filler particles. However, the increasing of the onset and 
inflection temperature was not related to the silica content. This could result from the non uniform 
dispersion of silica nanoparticles throughout the polymer matrix as shown by SEM micrographs.  
 
Table.1 Onset and inflection temperature of all samples  
 
 
Silica content 
(wt%) 
PLA PHBV PBS 
Onset 
(oC) 
Inflection point 
(oC) 
Onset 
(oC) 
Inflection point 
(oC) 
Onset 
(oC) 
Inflection point 
(oC) 
Neat 345.36 364.44 273.29 281.75 376.84 400.91 
0.1 347.73 364.93 286.67 296.54 381.71 405.72 
0.2 345.54 362.56 281.64 292.48 378.10 406.66 
0.5 349.48 366.47 286.47 294.69 378.36 405.27 
1.0 345.68 364.40 288.01 297.85 382.34 406.26 
2.5 350.11 367.60 287.03 297.51 380.74 406.63 
5.0 350.50 367.00 289.11 296.09 379.09 404.99 
3.3 Mechanical properties of biodegradable polyester/silica nanocomposites 
The tensile modulus and %elongation of PBS, PLA and PHBV nanocomposites were showed in the 
fig.3 and fig.4. It can be seen from that the modulus of PLA nanocomposites were comparable to neat 
polymer at the low content of silica (0.1-0.2 wt%) whereas PHBV/silica nanocomposites were slightly 
increased as compare to neat PHBV. However, at the higher silica contents (2.5-5.0 wt%), the modulus of 
PLA and PHBV were lower and slightly increased again with 2.5 and 5.0 wt% of silica. In case of PBS 
nanocomposites, there was no significant difference in modulus as compared to neat PBS.   
 
 
Fig.3 Tensile modulus of polymer/silica nanocomposites at various content of silica. 
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For elongation at break (%) in case of PLA, the elongation at break (%) slightly increased when the 
content of silica was low (0.1-0.5 wt%). Meanwhile the addition of silica at low content in PBS and 
PHBV samples, the results showed the comparable value as those neat polymers. But upon increasing 
silica content, elongation at break (%) tented to drop. These results were similar to PBS and a PHBV 
nanocomposite when the silica content was higher than 0.5 wt%. This may arise from the agglomerates of 
silica nanoparticles which can see from SEM micrographs that agglomerated particle may act as sites of 
stress concentration, making no contribution to the toughening of the polymer matrix [11]. Therefore, it 
led to decreasing in elongation at break (%) of polymer nanocomposites. 
 
 
Fig.4 Elongation at break (%) of polymer/silica nanocomposites at various content of silica. 
 
The impact strength of all samples were showed in the Fig.5. It was observed that at the low content 
of silica (0.1wt%), there was no significantly change in impact strength of all polymer nanocomposites 
compared to its neat polymer. However, at the higher silica loading (above 0.5wt% of silica), the impact 
strength of all samples were decreased. Especially, in the case of PBS and PHBV samples, they were 
halved (at 5.0 wt%) compared to its neat polymer. Silica particles may act as stress concentrators in the 
polymer matrix and these results similar to the observed trend with the elongation at break (%) which also 
decreased with the addition of silica at the higher content. That led to the decreased deformability of 
polymer because of the restriction imparted by the rigid filler particles [12]. 
 
 
Fig.5 Impact strength of polymer/silica nanocomposites at various content of silica 
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3.4 Heat deflection temperature 
The heat deflection temperature value of neat polymers and its nanocomposites at 5 wt% of silica 
loading were showed in the table 2. It was observed that the heat deflection temperature of PLA/silica 
nanocomposites was found to be 55.3ºC which was lower than that of neat polymer. The glass transition 
temperature (Tg) of PLA was around 55-60 ºC which was comparable to HDT of PLA (55-57 ºC) [9], so 
the material becomes softer and deflect when the temperature was scan to this range of temperature. 
Therefore, the silica nanoparticles in the matrix could not exhibit their thermal barrier effect for materials. 
However, in case of PHBV, the HDT value was greatly improved from 140.0 ºC for neat PHBV to 145.7 
ºC for PHBV/silica nanocomposites that similar to the observed trend with TGA results. For HDT of 
PBS/silica nanocomposites, it was also improved by 2.5 ºC when compared to the neat PBS. 
 
Table 2. HDT value of neat polymer and its nanocomposite 
 
Samples HDT (ºC) 
Neat PLA 57.3 ± 0.6 
PLA/silica 5.0 wt% 55.3 ± 0.2 
Neat PBS 87.8 ± 0.3 
PBS/silica 5.0 wt% 90.3 ± 0.6 
Neat PHBV 140.0 ± 1.0 
PHBV/silica 5.0 wt% 145.7 ± 4.0 
 
4. Conclusion 
Biodegradable polyesters PLA, PBS and PHBV /silica nanocomposites have been prepared. The 
improvement in thermal properties of polyester/silica nanocomposites were achieved both of onset and 
inflection temperature which measured by TGA. Moreover, the HDT value was also improved in the case 
of PHBV/silica 5 wt% and PBS/silica 5 wt% samples (excepted PLA/silica nanocomposites). However, 
the mechanical performances of nanocomposites depend on the content and the dispersion of silica 
particles in the polymer matrix. At low silica content, the mechanical properties were slightly increased, 
whereas it became deteriorated properties at the higher silica loading. Because of the interaction between 
the polar groups on surface of silica, consequently it has a tendency to agglomerate between itself. 
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